OBJECTIVES: Bidirectional cavopulmonary anastomosis (BDCPA) is part of the staged Fontan palliation for congenital heart defects with single-ventricle morphology. The aim of this study was to describe incidence and characteristics of early postoperative arrhythmias in patients undergoing BDCPA.
INTRODUCTION
Thanks to recent advances in the operative techniques in cardiothoracic surgery and in the postoperative care, we are nowadays able to offer therapeutic options to almost every neonate with a congenital heart malformation. While a near-to-normal life can be expected in many patients after biventricular repair, there still exists a considerable morbidity after palliative surgery in patients with single ventricles [1] [2] [3] . Arrhythmia, especially supraventricular arrhythmia, is a well-known reason for late morbidity and also mortality in these patients [4, 5] . At our centre, the staged Fontan palliation with a bidirectional cavopulmonary anastomosis (BDCPA) at the age of 3-6 months, followed by completion of the Fontan circuit with an extracardiac conduit at the age of 2.5 to 4 years, is the preferred surgical strategy in these patients.
The BDCPA consists of an end-to-side anastomosis of the superior vena cava (SVC) to the pulmonary artery (PA). The risk of postoperative arrhythmia in patients undergoing BDCPA is increased due to the proximity of the suture lines at the SVC to the sinoatrial (SA) node and due to scar formation at the site of the right atriotomy predisposing to atrial re-entry tachyarrhythmias [4] [5] [6] . The multistage operative pathway to Fontan reconstruction further increases the risk of altered sinus node function [7, 8] . In addition, there are also some congenital heart defects with single-ventricle morphology and an inherent risk of arrhythmia due to the abnormal position or course of the conduction system, e.g. SA disease or supraventricular tachycardia in patients with atrial isomerism or high-degree AV conduction disturbances in patients with congenitally corrected transposition of the great arteries [5] . Age to perform an elective BDCPA varies from one centre to the other. Individual risks and haemodynamics have to be taken into account as well. It is generally considered to be a safe operation in patients as young as 2 months of age [9] [10] [11] [12] [13] [14] . There is a trend towards an earlier time of operation, especially in patients with hypoplastic left heart syndrome (HLHS) after firststage Norwood operation or hybrid approach, with the aim of reducing the risk of inter-stage mortality. Moving the time of operation below 3 months of age may increase the risk of postoperative complications including arrhythmia, however.
In recent literature, there are some articles addressing the topic of postoperative complications in patients with BDCPA [2, 3] , but there exist only few published data about the specific nature and incidence of arrhythmia in these patients [4, [6] [7] [8] . The purpose of this study is to describe the incidence and characteristics of postoperative arrhythmia in our patients with single-ventricle morphology after BDCPA in the initial time before undergoing the Fontan completion with a special view on age at operation and diagnosis as potential risk factors.
MATERIALS AND METHODS

Study patients
This study is a retrospective analysis of all consecutive patients undergoing BDCPA at the age of <12 months from 1 January 2001 to 31 December 2008 at a single tertiary referral centre (University Children's Hospital, Zürich, Switzerland). A total of 60 patients are included in the evaluation.
Data collection
Data were retrieved from patient's charts including the Children's Hospital electronic database. Intracardiac anatomy at echocardiography was used to classify the diagnosis. The cohort was subclassified into HLHS and non-HLHS patients. HLHS patients are children with the classical HLHS and its variants, such as unbalanced atrioventricular septum defect (AVSD) with hypoplastic left ventricle, hypoplastic left ventricle outflow tract and hypoplastic aorta. Non-HLHS are all other patients with functionally single ventricle morphology, such as double inlet left ventricle (DILV), large ventricular septum defect (VSD)/double outlet right ventricle (DORV), tricuspid atresia, pulmonary atresia and AVSD. The following parameters were collected: cardiopulmonary bypass (CPB) time, duration of mechanical ventilation, duration of chest tube drainage, length of intensive care unit (ICU) stay, total length of hospital stay, prior operations before BDCPA, operations concomitant with the BDCPA, reoperations after BDCPA during the same hospital stay, medication before and after BDCPA and complications after BDCPA with a special focus on the rhythm anomalies. A preand postoperative set of data with oxygen saturation, pulmonary arterial pressure and systemic arterial pressure was obtained.
Arrhythmia-specific information was obtained from routine preoperative 12-lead electrocardiogram (ECG) and 24-h Holter monitoring before BDCPA and postoperatively including subsequent outpatient visits until Fontan completion. Intraoperative and early postoperative observations on the standard patient monitoring system were also included in the analysis. Postoperatively, a 12-lead ECG was routinely obtained on the first day and before hospital discharge. 24-h Holter monitoring was obtained in all patients before hospital discharge.
Definitions
Arrhythmias are subclassified in sinus bradycardia, premature atrial/ventricular contractions, supraventricular tachycardia and atrioventricular (AV) block. Sinus bradycardia is defined as a heart rate below age-adjusted normal values [15] . There were no patients with bradycardia/tachycardia syndrome or inadequate sinus tachycardia. AV block is separated into two groups: the lower grade AV block including first-degree AV block as well as seconddegree AV block type Wenckebach (Mobitz I) and the higher grade AV block including second-degree AV block type Mobitz (Mobitz II) as well as complete AV block. Premature contractions, either of atrial or ventricular origin, were divided upon their frequency into none or rare (<240/24 h) and more frequent extrasystoles (>240/24 h) as seen in 24-h Holter monitoring.
Haemodynamic events/complications were subclassified in systemic arterial and pulmonary arterial hypertension, upper airway infection, pneumonia, pleural effusion, chylothorax, pericardial effusion, pneumothorax and death. Systemic arterial hypertension is defined as an increased blood pressure adjusted to age [16] . Postoperative pulmonary arterial hypertension is defined as a mean pressure of >15 mmHg measured in the SVC. We classified respiratory tract infection into pneumonia, defined by a consolidation in chest X-ray and upper airway infection. Prolonged fluid collection within the pleural space is classified according to the content of fat and white blood cells into chylous or non-chylous pleural effusion (cell count >1000 μl with >80% lymphocytes and triglycerides >1.1 mmol/l = chylous effusion). Pneumothorax is noted as a complication, if the amount of air in the pleural space was more than minimal. Pericardial effusion is classified as a haemodynamically relevant fluid collection within the pericardium.
Intravenous inotropic support with adrenaline and norepinephrine is routinely administered within the first postoperative hours for the prevention and therapy of the postoperative low cardiac output syndrome. The evaluation of arrhythmias with Holter monitoring before hospital discharge was always done late after cessation of catecholamines.
Operative technique and procedure
Through a median sternotomy, the SVC and the PA were dissected, and the circulation supported with a heart lung machine using aortobicaval cannulation. The SVC was transected 2 mm above its insertion into the right atrium, and the lower end was sutured with absorbable sutures. The cephalic end of the transected SVC was anastomosed (endothelium to endothelium) to the superior aspect of the right PA just near the right hilum, in an end-to-side fashion. Construction of the BDCPA was performed on an empty beating heart. Simultaneous procedures such as take down of a Blalock-Taussig (BT) shunt or a RV-PA (Sano) shunt were also performed on an empty beating heart. More complex procedures like transection of the main PA with suture closure of the pulmonary annulus, Damus-Kaye-Stansel procedure and/or atrial septectomy were performed during a period of cardioplegic arrest of the heart. Prior to pericardial closure, bipoles of atrial and ventricular temporary pacing wires were inserted. The pericardium was routinely closed, most often with a bridging polytetrafluoroethylene membrane, to protect the heart from injury during subsequent sternotomy.
Statistical analysis
Continuous variables are expressed as median and range, categorical data as count and percentages. Significance analysis is made 
RESULTS
Study patients
The study population consists of 60 patients who underwent the BDCPA procedure. The patients' characteristics and diagnosis are summarized in Table 1 . HLHS patients were operated on at an earlier age and the younger age group has longer times of CPB and hospital stay. The duration of mechanical ventilation, ICU stay and chest drain did not differ significantly between the various groups. The diagnoses and additional operations/interventions are summarized in Tables 2 and 3 . Atrial situs was solitus in 55, right isomerism in 2 patients, left isomerism in 1, ambiguous in 1 and inversus in 1. HLHS patients had less operations accompanying BDCPA (9 of 29 HLHS patients vs 20 of 31 non-HLHS patients, P < 0.011). Patients younger than 4 months had more reoperations during the same hospital stay (3 of 8 in patients <4 months and 4 of 52 in patients >4 months of age, P > 0.043). Neither the patient age nor the morphological groups (HLHS vs non-HLHS) were statistically associated with the occurrence of postoperative arrhythmia.
Occurrence of arrhythmia
A new arrhythmia was observed in 20 patients (33%). In 12 patients, the arrhythmia was transient and resolved before hospital discharge. In 8 patients, the arrhythmia persisted until hospital discharge (Table 4) .
Pre-existing arrhythmias were seen in 3 patients: 1 patient with sinus bradycardia, 1 patient with severe ventricular dysfunction and ectopic atrial tachycardia who received a single-chamber AAI pacemaker for amiodarone-induced bradycardia and 1 patient with a dual-chamber pacemaker for pre-existing complete AV block.
Sinus bradycardia was the most frequent arrhythmia observed in our study population. It occurred in 27% of the study population. It shows a trend to be present more often in the older group and in the non-HLHS patients late postoperatively. There was no patient with a higher degree AV block as a consequence of the BDCPA operation and only 1 patient with a newly onset firstdegree AV block.
Supraventricular tachycardia was seen in 3 patients during ICU stay ( JET in 2 patients and AVRT in 1). All these supraventricular tachycardias did not persist until hospital discharge. Ventricular arrhythmias were not observed. Sinus bradycardia was mild and of no clinical consequence. None of these patients needed a medication or a pacemaker implantation to accelerate the heart rate.
The distribution of the temporary and persisting postoperative arrhythmias are given in Table 4 . At hospital discharge, sinus bradycardia is the most common arrhythmia. No significant difference was seen between patients with and those without persistent arrhythmias regarding additional interventions (Table 3) , complications and medication.
At the time of Fontan completion, 2 of the 8 patients with persistent arrhythmias showed a persistence of the same kind of arrhythmia as after BDCPA with no clinical relevance (sinus bradycardia in 2 patients and first-degree AV Block in 1). Premature contractions were rarely seen. In the late postoperative Holter monitorings before hospital discharge, there was only 1 patient with rare premature ventricular and 4 patients with rare premature atrial contractions. All of them were singular and haemodynamically irrelevant.
Complications
Major postoperative complications were rare. One patient had a circulatory failure after BDCPA during ICU stay due to a previously unknown thrombosis of the innominate vein. This is the only patient of the study population who died. Minor postoperative complications (upper airway infection, pneumonia, inadequate systemic and pulmonary arterial hypertension, pleural and pericardial effusion and pneumothorax) occurred in 41 of all 60 patients. The outcome regarding in-hospital complications other than arrhythmia was similar in the subgroups age and diagnosis. The occurrence of arrhythmia was independent of the occurrence of other complications.
Medication
The following medications with a potential effect on the heart rhythm were necessary in 7 patients during hospital stay and at hospital discharge: Digoxin in 5 patients, beta adrenergic receptor blocking agents in 2 and amiodarone in 2. A proarrhythmic effect was not observed in our study population.
DISCUSSION
In our study population, we have not seen any severe and lifethreatening arrhythmias after BDCPA. Most of the observed arrhythmias were temporary and resolved during the hospital stay. In view of the complexity of the surgical intervention during BDCPA, the low incidence of arrhythmia is reassuring. Also age was not a risk factor for the occurrence of arrhythmia. Therefore, the time to perform the BDCPA is not limited by the occurrence of postoperative arrhythmia but can be adjusted to the individual haemodynamic situation of the patient.
Postoperative junctional ectopic tachycardia (JET) is described to occur with an incidence of up to 9.5% in a similar population [17] . It was observed in our population in 2 patients, resulting in an incidence of only 3%. In general, JET is not well tolerated in the early postoperative hours because of the decreased diastolic ventricular filling due to the high heart rate and to the loss of AV synchrony. It may result in progressive low cardiac output syndrome and therefore needs aggressive therapy with supportive measures and eventually amiodarone. The arrhythmia itself is known to resolve within 72 h postoperatively. Also both patients from our cohort returned to sinus rhythm within the first postoperative days.
Supraventricular tachyarrhythmias such as intra-atrial re-entrant tachycardia, ectopic atrial tachycardia and atrial fibrillation which are typically seen in the long-term follow-up in adults with Fontan circulation [5] did not occur in our study cohort. Long-term haemodynamic stress and multiple atrial suture lines therefore seem to be more important in the genesis of these arrhythmias than the initial surgical trauma during BDCPA.
The most frequent late postoperative arrhythmia after BDCPA is bradycardia due to sinus node dysfunction. It has been previously reported to occur in 6-10% [7, 8] and was observed in our study population in a similar incidence (12%). The sinus node dysfunction is interpreted as a consequence of tissue trauma by the suture line close to the region of the sinus node or its artery. Surprisingly, the avoidance of surgery near the sinus node seems not to have a discernable effect on the development of early sinus node dysfunction which has been shown in a study comparing patients with bidirectional Glenn anastomosis and Hemi-Fontan procedure [7] .
As seen in our study population, sinus bradycardia is clinically irrelevant and was of no therapeutic consequence in short-term follow-up. The incidence of sinus node dysfunction increases after the Fontan completion to 20-25% due to repeated dissection in the region of the SA node [8, 18] . In long-term follow-up, however, sinus node dysfunction is a troublesome complication after Fontan completion. It is a known risk factor for the later development of intra-atrial re-entrant tachycardia [19] and may require 
LIMITATIONS
The conclusions of this study are limited by its retrospective design and the relatively small number of patients.
